Is the matrix important to butterflies in fragmented landscapes? by Sweaney, Nicole et al.
 1 
Systematic Review 1 
Title: 2 
Is the Matrix Important to Butterflies in Fragmented Landscapes? 3 
 4 
Authors: Nici SWEANEYa*, David B. LINDENMAYERa, and Don A. DRISCOLLa 5 
aARC Centre of Excellence for Environmental Decisions 6 
The NERP Environmental Decisions Hub 7 
Fenner School of Environment and Society 8 
The Australian National University 9 
Canberra, ACT, 0200, Australia 10 
 11 
* Corresponding author 12 
Mobile: +61 (0) 404822775 13 
nici.sweaney@anu.edu.au 14 
 15 
Submission of Review for Journal of Insect Conservation 16 
 17 
Keywords: matrix; butterfly; Lepidoptera; review; fragmentation 18 
 19 
 20 
 21 
 2 
Abstract 22 
The quality and extent of the ‘matrix’ in terrestrial fragmented landscapes may influence the persistence and 23 
behaviour of patch-associated fauna. Butterflies are a popular target group for fragmentation studies and 24 
represent an ideal assemblage to explore the impact and role of the matrix in patchy landscapes. To date, there 25 
has been no attempt to synthesise available research and assess the extent to which the matrix is included in 26 
studies of fragmented butterfly populations. Addressing this issue is important for improved understanding of 27 
habitat use in fragmented landscapes, and for the successful management and conservation of butterfly 28 
biodiversity.  29 
Our systematic review of 100 empirical research papers spans 50 years, and identifies how (and indeed if) the 30 
matrix is recognised in studies of butterfly populations in fragmented landscapes. We found that it was 31 
significantly more likely for studies not to include the matrix in their experimental design. This is of particular 32 
concern given 60% of papers that excluded the matrix in their research did so in systems where the matrix was 33 
expected to contain resources of value for patch-associated species (as it was either a heterogeneous landscape 34 
or had similar structure to patches). Of the papers that did consider the matrix, 80% (n=24) reported a negative 35 
effect of the matrix on butterfly species and/or communities. 36 
Matrix effects may influence the survival and persistence of faunal groups in a world increasingly dominated by 37 
fragmented habitats. Our review suggests that future research should clearly define the matrix, and incorporate it 38 
in appropriate experimental designs. 39 
 40 
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Introduction  48 
Habitat fragmentation and habitat loss pose major threats to global biodiversity (Gray 1997; Harrisson et al. 49 
2012; Foley et al. 2005; Saunders et al. 1991). Therefore, efforts to understand the spatial and ecological 50 
dynamics that underpin responses of populations to fragmentation have been a key focus for ecologists and 51 
conservationists worldwide (i.e. reviewed in Turner 2005; Collinge 2009). Recently, there has been growing 52 
recognition of the importance of the areas between habitat patches (termed the ‘matrix’) in mitigating species 53 
responses to, and behaviour within, fragmented landscapes (Vandermeer and Carvajal 2001; Jules and Shahani 54 
2003; Lindenmayer and Fischer 2006; Franklin and Lindenmayer 2009). Here, we define the matrix as the 55 
dominant (usually non-native) vegetation cover in which other land-cover types (i.e. habitat patches) are 56 
embedded (Driscoll et al. 2013). Patch-associated species cannot establish self-sustaining populations in the 57 
matrix. Because the matrix and habitat patches are defined according to species resource requirements (Dennis 58 
2012; Dennis et al. 2013), what the matrix is for some species or was the matrix at one point in time, may not be 59 
at other times or for different species (Driscoll et al. 2013). 60 
In terrestrial landscapes, the matrix often consists of a complex mosaic of different land cover types (Ricketts 61 
2001). This complexity may influence the degree of permeability, ease of dispersal, and rates of migration for 62 
patch-associated flora and fauna (Krauss et al. 2003; Dennis 2012; Ricketts 2001). Some matrix types may 63 
successfully contribute to the persistence and survival of populations within patches by: 1) providing food 64 
resources to fauna inside patches (Kennedy et al. 2010; Brady et al. 2011; Dennis 2004), 2) influencing 65 
conditions experienced at the edges of patches which in turn favours certain species over others (Ries and Sisk 66 
2010; Lindenmayer et al. 2009; Driscoll and Donovan 2004), and/or 3) facilitating the dispersal of species 67 
between patches (Gascon et al. 1999; Jauker et al. 2009; Kuefler et al. 2010) and influencing the outcome of 68 
movement into patches (Schwab and Zandbergen 2011).  69 
Despite the pivotal role the matrix can play in patchy landscapes, there are many studies of fragmented 70 
landscapes that do not include the matrix in their experimental design or discussion of their findings (Baguette et 71 
al. 2003; Brueckmann et al. 2010; Krauss et al. 2004; Summerville and Crist 2001). The common use of Island 72 
Biogeography and metapopulation theories for understanding spatial dynamics in fragmented landscapes 73 
(Simberloff and Abele 1976; Jorge 1992; Baguette 2004) often results in the matrix being treated as an ‘ocean’ 74 
that is, uniform in nature and unsuitable for populations associated with patches of native vegetation 75 
(Lindenmayer and Fischer 2006; Franklin and Lindenmayer 2009; Ricketts 2001). This conceptual 76 
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simplification of fragmented landscapes and lack of attention to the matrix is often unjustified. For example, in 77 
landscapes where the matrix is similar in structure to patches or consists of variable (heterogeneous) habitats, it 78 
is possible that the matrix offers resources of value to patch-associated species and communities (Jules and 79 
Shahani 2003; Baum et al. 2004; Bender and Fahrig 2005; Goodwin and Fahrig 2002; Revilla et al. 2004; 80 
Dennis 2004). Therefore, the exclusion of the matrix in so many studies represents a potentially large 81 
knowledge gap in modern conservation ecology.  82 
Butterflies have been a very popular study group within fragmented landscapes (reviewed in Warren and Bourn 83 
2011). They represent an ideal group to explore the impacts and role of the matrix. This is because most species 84 
are easy to identify, catch, mark and observe (Kremen 1994; Franzén and Ranius 2004; Lomov et al. 2006). In 85 
addition, many have very specific resource requirements (e.g. Dennis et al. 2004; Prudic et al. 2007), therefore 86 
making the distinction between patch and matrix obvious. However, the extent to which the matrix is included 87 
in the experimental design of fragmentation studies (i.e. surveys conducted in the matrix as well as within 88 
fragments) seems highly variable. While some studies show that matrix type can have a strong influence on the 89 
movement of butterflies between patches (Stasek et al. 2008; Ries and Debinski 2001; Ross et al. 2005a; Dover 90 
1996; Ricketts 2001), many others completely exclude the matrix and focus solely on the characteristics of 91 
patches (such as patch size, shape, isolation etc.; e.g. Dover and Settele 2009; Debinski and Holt 2000; Steffan-92 
Dewenter and Tscharntke 2002). 93 
Here, we review a sample of empirical papers that have been published in major journals in an effort to 94 
summarise how (and indeed even if) the matrix is being incorporated into butterfly studies, and, where the 95 
matrix has been considered, the response of butterflies to the matrix. While other reviews have examined the 96 
effects of patch attributes such as size, shape, distance from other patches and dispersal between patches (e.g. 97 
Fahrig 2003; Debinski and Holt 2000; Dover and Settele 2009), none have yet quantified when and how the 98 
matrix is sampled in fragmentation studies on butterflies. This is a pivotal area to address as the response of 99 
butterflies to the matrix may have profound implications for the survival and persistence of many species in 100 
fragmented landscapes (e.g. Ricketts 2001).  101 
The key aims of this paper were to identify: 1) how often fragmentation studies mention the matrix (on any 102 
level); 2) how common it was for such studies to include the matrix in the experimental design (and how this 103 
was done); 3) whether these papers showed a negative or positive impact of the matrix, and; 4) whether there 104 
was adequate justification for studies that did not include the matrix.  105 
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By asking these questions, we identified the knowledge gaps that currently exist in our understanding of the role 106 
the matrix plays for butterflies in fragmented landscapes. The information gained from our review is especially 107 
relevant for a world increasingly dominated by patchy landscapes (Gray 1997; Harrisson et al. 2012; Foley et al. 108 
2005; Saunders et al. 1991). 109 
Methods 110 
Review Process 111 
Using the key elements of our review topic to guide the development of a suitable search term, we identified 112 
relevant studies through an electronic search of Web of Science using the terms “(butterfl* OR Lepidoptera) 113 
AND fragmentation”.  The search terms we used for our systematic review were chosen as they returned both 114 
the greatest number of total papers, and the highest number of relevant papers. We acknowledge that other 115 
search terms may have returned different papers that were missed in our review, although other search terms 116 
were not as comprehensive as the string we used (Appendix A). Further, while we acknowledge that other 117 
search engines may have returned different or additional relevant literature, we chose to use Web of Science as 118 
it is one of the most widely used, reliable and comprehensive search databases of scientific literature (Falagas et 119 
al. 2008).  120 
The literature returned in our search was then subject to a three-stage process before being accepted into the 121 
final systematic review. First, any article with a title that was irrelevant to butterfly species/communities and 122 
landscape fragmentation was removed. The abstract of each remaining article was then read. Any article that 123 
appeared to address landscape fragmentation and butterfly biodiversity (or individual species) was accepted. 124 
The full text of all remaining articles was read, and either rejected or accepted into the final review (criteria for 125 
rejections are mentioned below). 126 
Research questions asked of each paper were aimed at gathering information on where the study was performed, 127 
the experimental design, as well as key findings of each paper. As our main questions referred to the matrix, we 128 
specifically collected data on whether a paper mentioned the word matrix, if the authors defined the matrix, 129 
if/how the matrix was included in the experimental design, and any key results or management 130 
recommendations made which related to the matrix. A full list of the information extracted from each paper is 131 
given in Table 1.  132 
 133 
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Table 1 Description of all data collected from each paper included in this systematic review (n=100) 134 
Area Data Collected/Question Asked Possible Responses Conditions (if applicable) 
 
 
 
 
 
 
 
 
Matrix Related 
Was Matrix Defined? Yes/No - 
Matrix Definition As stated in journal - 
Type of matrix 
Farmland, Grasslands, Plantations, Forest, 
Grasslands, Urban Areas, Mixed Matrix Types, Did 
Not Specify or Other (as stated in journal) 
- 
Was the Matrix Included in the Experimental 
Design? Yes/No - 
If Included, how was the Matrix Incorporated 
into Experimental Design? 
As stated in journal - includes things like surveys in 
the matrix, looking at differences between patches 
surrounded by different matrix types, vegetation 
surveys in matrix etc. 
- 
Was there an Effect of the Matrix on Results? Yes/No - 
What was Causing the Effects of the Matrix? 
Summary of main mechanisms driving effects as 
stated in journal - 
Were Management Recommendations made 
for the Matrix? Yes/No - 
What were the Recommendations for the 
Matrix? Summary of recommendations as stated in journal - 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fragmentation 
Related 
Fragment type 
Bogs/Peats/Wetlands, Forest, 
Grasslands/Meadows, Patches of Specific Plant 
Species, Woodlands, Other 
- 
Was Fragmentation Defined? Yes/No - 
Definition As stated in journal - 
Cause of Fragmentation 
Agricultural Intensification, Naturally Fragmented, 
Experiments, Abandonment of Management 
Practices, Habitat Loss, Increasing Vegetation 
Cover, Plantations, Urbanisation, Habitat 
Destruction, Other (or didn't specify) 
- 
Type of Survey 
Trapping/baiting, transects, mark/recapture, live 
samples, monitoring plants, whole sites, still 
observations, tracking, other 
- 
Area Covered   - 
Number of Fragment Sites As stated in journal - 
Number of Different Fragment Types As stated in journal (number) - 
Types of Fragments 
As stated in journal - fall into categories stated 
above in 'Study Sites' - 
Was there Butterfly Manipulation? Yes/No 
Manipulation identified as 
studies where butterflies 
were handled, raised in 
labs, where tissues samples 
were taken etc. 
Manipulation Type As stated in journal  - 
Was There a Significant Impact of 
Fragmentation? Yes/No - 
What was Causing these Effects? 
Summary of main mechanisms driving results as 
stated in journal - 
Was the Effect Reported as Negative? Yes/No - 
Were Management Recommendations Made? Yes/No - 
What were these Recommendations? Summary of recommendations as stated in journal - 
 
 
 
 
 
 
 
 
Summary 
Statistics 
Author, Title, Year Published As stated in journal - 
Reference Type Journal Article, Opinion, Book 
Only looked at journal 
articles 
Volume, Issue, Pages As stated in journal - 
Title Appropriate Yes/No See methods for exclusions 
Abstract Appropriate Yes/No See methods for exclusions 
Focus of Research 
Biodiversity, Dispersal, Distribution, Edge Effects, 
Extinction Debt, Flight, Genetics, Life-History 
Traits, Mate-finding, Population Dynamics, 
Resource Requirements 
- 
Hemisphere Northern/Southern - 
Country As stated in journal - 
Region 
Africa, Asian, Australasia, Europe, North America, 
Central America, South America - 
Location As stated in journal - 
Organisational Level Species, Community, Assemblage - 
Species Number >1 or 1 - 
Species Name If applicable, as stated in journal - 
Study Length Cross-Sectional or Longitudinal - 
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We applied a range of specific criteria to select appropriate papers.  Non-English language searches were not 135 
conducted as part of our review. However, our literature search did identify work from across the globe, and all 136 
relevant papers were included regardless of geographic origin. As the aims of our review related to the 137 
assessment of research-based, scientific studies, only empirical studies in peer-reviewed journals were included. 138 
Further, only quantitative research was included as it was important to be able to assess methodologies used to 139 
evaluate if, and how, the matrix was included in the experimental design. We concentrated our review efforts on 140 
studies conducted in terrestrial systems as opposed to studies conducted on island systems (such as ocean 141 
archipelagos). If our literature search returned a paper that referred to data previously published which had 142 
already been reviewed, the article was rejected to avoid over-representation of any one set of results.  143 
We assessed only those papers that focussed on adult butterflies. Papers that dealt solely with larvae, 144 
caterpillars, eggs or only moth species were not considered. Adult butterflies can be quite mobile, and their 145 
perception of, and interaction with the matrix is different to that of larvae or caterpillars (Weiss et al. 1988; 146 
Bergerot et al. 2010). Many moth species are nocturnal and therefore there may also be marked differences in 147 
how they perceive the matrix compared to diurnal butterfly species (Öckinger and Van Dyck 2012; Öckinger et 148 
al. 2010). 149 
Use of the Terms ‘Matrix’ and ‘Habitat’ 150 
For papers reviewed which explicitly mentioned the term ‘matrix’, we scored them as including the matrix and 151 
recorded the definition of the matrix that they used (Table 2). For the remaining papers that did not use the term, 152 
it was still important that we discovered if the matrix had been considered in their experimental design. While 153 
we recognise that the matrix may be defined in various ways (e.g. from conservation biology viewpoint, an 154 
individual species or human perspective etc. Crow and Gustafson 1997; Lindenmayer et al. 2009; Lindenmayer 155 
and Franklin 2002; Fischer et al. 2004; Bunnell 1999), we marked a paper as including the matrix if they studied 156 
butterflies or surveyed for species-specific resources in the land-cover types surrounding native vegetation 157 
patches. This remained the case even if those land-cover types were found to offer suitable habitat to butterflies, 158 
and therefore may not be considered a matrix from the butterfly’s point of view.  159 
We also acknowledge that there are different definitions for ‘habitat’ (Fahrig 2003; Hall et al. 1997; Franklin et 160 
al. 2002; Dennis 2012). To both complement our definition of the matrix, and make comparisons across multiple 161 
species and systems possible; throughout this paper we use the term ‘native vegetation’ when referring to 162 
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patches of native vegetation and spare the use of the word ‘habitat’ to refer to the particular places occupied by a 163 
given species.  164 
Statistical Analysis 165 
We performed a one-sample t-test to assess whether papers returned in our search, were significantly (P 166 
≤ 0.05) more likely to have included the matrix in their experimental design compared to excluding it (i.e. null 167 
hypothesis that papers did include the matrix). We performed this test using all 100 papers sampled. Statistical 168 
tests were performed using GenStat 14 (Payne et al. 2011). 169 
Results 170 
Our literature search was completed in September 2011. Our search terms returned 460 papers spanning 50 171 
years. After reading their titles and discarding those papers that did not address the research area of interest, 190 172 
papers remained. The abstracts of all 190 papers were read to assess for suitability for inclusion in our final 173 
review. After this evaluation, the final review incorporated a total of 100 papers, from 36 different journals. 174 
Analysis of our summary statistics and fragment-related questions is presented in Appendix B. The following 175 
section focuses on our results from matrix-related data analysis.  176 
The Matrix 177 
Acknowledgement of the Matrix 178 
Of the 100 papers we reviewed, almost half (n=48) mentioned the word ‘matrix’ in the text. However, of these, 179 
we found that only 8 papers actually defined the matrix (Table 2). Most of these papers (n=6) loosely referred to 180 
the matrix as areas outside of remnant patches, with only three (Krauss et al. 2005; Muriel and Kattan 2009; 181 
Chardon et al. 2003) acknowledging that the matrix may be used by study species (Table 2). 182 
Table 2 Of the 100 papers reviewed, only 8 defined the word matrix. Definitions used by each of these 183 
papers are given below   184 
Article Definition of Matrix 
Batary et al. (2009) Journal of 
Insect Conservation 
Area of lower biomass and different structural complexity around the 
fragments 
Krauss et al. (2005) Ecography Area between habitats including barriers, corridors and stepping stones 
van Halder et al. (2008) 
Biodiversity and Conservation 
The areas of uniformly unsuitable habitat that surround habitats - does 
point out that landscape matrices are not entirely hostile  
Muriel and Kattan (2009) High-quality matrices are defined as structurally complex habitats that 
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Conservation Biology offer microclimatic environments, refuges, or food resources similar to 
those in the forest 
Fowles and Smith (2006) Journal 
of Insect Conservation Landscape between habitat patches (point out that it is not homogenous) 
Chardon et al. (2003) Landscape 
Ecology 
The matrix is areas that are not source patches for species - so matrix 
could include habitat and non-habitat 
Ricketts (2001) American 
Naturalist The non-habitat surrounding the native habitat patches of interest 
Bergerot et al. (2010) Plos One The spaces in which landscape patches are embedded 
 185 
The Matrix in Experimental Design 186 
We found that it was significantly more likely for studies not to include the matrix in their experimental design 187 
(n=70, t1,99 = 6.51, P < 0.001). Of the thirty papers that did include the matrix, only twenty explicitly mentioned 188 
the word ‘matrix’ (Table 1, 2).  189 
For papers that included the matrix in the experimental design, 40% (n=12) either did not specify the matrix 190 
type, or the matrix included several different landscape cover types and so could not be classified (mixed/other 191 
category Fig. 1). Of the matrix types that could be identified, the most common land cover types in the studies 192 
we reviewed were forest (n=8), farmland (n=7) and plantations (n=6; 1 coffee plantation, 4 pine plantations, 1 193 
Eucalyptus plantation, Fig. 1).  194 
Only nine (30%) of the thirty papers that included the (potential) matrix in the experimental design actually 195 
surveyed butterflies in the areas between recognised habitat patches (Table 3). The remaining studies examined 196 
how the presumed matrix influences within-patch mechanisms (such as movement or dispersal, n=13, Table 3), 197 
or simply surveyed areas within the land-cover surrounding habitat patches to look for suitable vegetation or 198 
resources for species associated with patches (n=8, Table 3).  199 
Table 3 Of all 100 papers reviewed, 30 included the matrix in their experimental design. Description of 200 
how the matrix was included in the experimental design of these papers is outlined below  201 
Article The Matrix in Experimental Design 
Bukovinszky et al. (2005) Oikos 
Examined differences in species abundance/richness in 
patches surrounded by grass versus barley 
Collinge et al. (2003) Conservation Biology 
Examined differences in species abundance/richness in 
patches surrounded by differing percentages of urbanization 
Cozzi et al. (2008) Landscape Ecology 
Examined barrier effects of the matrix on butterflies within 
patches  
Davis et al. (2007) Landscape Ecology 
Surveyed for suitable butterfly resources up to 2km into the 
matrix surrounding patches  
Fowles and Smith (2006) Journal of Insect 
Conservation 
Surveyed for suitable butterfly habitat in the matrix 
surrounding patches  
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Guitierrez et al. (1999) Oecologia 
Surveyed for butterfly food plants in areas outside of the 
'optimal habitat'  
Krauss et al. (2003) Journal of Biogeography Noted the landscape context of matrix surrounding patches 
Kumar et al. (2009) Biodiversity & 
Conservation 
Mapped topographic variables and landscape metrics at radii 
of 300, 600 to 2,400 m around patches 
Leidner and Haddad (2010) Conservation 
Genetics 
Noted the matrix type (urban areas, forest or sand dunes) 
surrounding patches 
Ribeiro (2008) Diversity & Distributions 
Examined differences in species abundance/richness in 
patches surrounded by different matrix types 
Ricketts (2001) The American Naturalist 
Examined differences in the dispersal rates in and out of 
patches surrounded by willow thickets versus conifer forest 
Rickman and Connor (2003) Ecography 
Examined differences in species abundance/richness in 
patches surrounded by 5 different landscape uses 
Ries and Debinski (2001) Journal of Animal 
Ecology 
Examined different in edge behaviour of butterflies within 
patches surrounded by different matrix types (crops, road, 
field and tree-line) 
Ries and Sisk (2008) Oecologia 
Examined edge response of butterflies within patches to 12 
different edge (matrix) types 
Roland et al. (2000) Ecology 
Examined differences in the dispersal rates in and out of 
patches surrounded by different matrix types 
Rosin et al. (2011) European Journal of 
Entomology 
Recorded % grass cover and % forest cover in matrix 
surrounding patches and used this to infer matrix 
permeability/quality  
Schtickzelle and Baguette (2003) Journal of 
Animal Ecology 
Examined differences in the likelihood of butterflies from 
continuous habitat and fragmented habitat to cross patch 
edges into the matrix 
Schtickzelleet al. (2006) Ecology 
Examined differences in the dispersal rates in and out of 
patches surrounded by different matrix types 
Tscharntke et al. (2002) Ecological 
Applications 
Landscape structure was estimated in 15 sectors (diameter of 
1.5 km) around fragmented landscape 
van Halder (2011) Journal of Insect 
Conservation Measured variables in the matrix surrounding patches  
Wettstein and Schmid (1999) Journal of 
Applied Ecology 
Noted the habitat type surrounding patches and also 
measured some variables in the matrix 
 202 
Effect of the Matrix and Management Recommendations 203 
We found that 80% (n=24) of the papers that included the matrix in the experimental design reported a negative 204 
effect of the matrix on butterfly species and/or communities (only Bukovinszky et al. 2005; Muriel and Kattan 205 
2009; Gutierrez et al. 1999; Collinge et al. 2003; Rickman and Connor 2003; and Ribeiro et al. 2008 did not). Of 206 
these papers, less than half (n=8) made management recommendations for the matrix (Table 4). A further three 207 
papers, which did not include the matrix in the experimental design, also made management recommendations 208 
specific to the matrix (Table 4). Management recommendations varied from open ended suggestions to consider 209 
the matrix in management plans, to more specific recommendations focussed on improving access to species-210 
specific resource requirements in the matrix, such as; host-plant abundance, habitat resources for ant-mutualists, 211 
and altering vegetation structure to encourage and increase matrix permeability (Table 4).  212 
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Table 4 Of all 100 papers reviewed, 8 made management recommendations for the matrix.  213 
Article Management Recommendations 
Wood and Samways (1991) Biological 
Conservation 
Maintain landscape elements (within the matrix) that aid 
dispersal, particularly nectar sources for adult butterflies 
Davis et al. (2007) Landscape Ecology Ensure resources (particularly floral) are available in spaces around patches, in order to aid connectivity between patches  
Barbaro and van Halder (2009) Ecography Conserve landscape heterogeneity 
van Halder et al. (2008) Biodiversity and 
Conservation 
Manage stand structure so as to allow for understorey 
growth, which potentially provides resources to butterflies 
Fowles and Smith (2006) Journal of Insect 
Conservation 
Improve the condition of the matrix to improve amount of 
breeding grounds available 
Ricketts (2001) American Naturalist Change the management of the matrix to improve dispersal between patches 
Ries and Debinski (2001) Journal of Animal 
Ecology 
Modify the edge structure (i.e. the matrix), in an attempt to 
influence emigration rates between patches 
Marin et al. (2009) Biodiversity and 
Conservation 
Maintain the current matrix (as it contains patchy resources) 
rather than intensify agricultural practices 
Nowicki et al. (2007) Biological Conservation 
Matrix should not be concreted, best if it consists of habitat 
that is useful for ants (because of symbiotic relationship with 
the focal butterfly species) 
Bergman et al. (2004) Ecography Acknowledged that butterflies in patches are affected by the matrix, so management should consider the matrix  
Zschokke et al. (2000) Oecologia Acknowledged that unsuitable matrix may be a barrier to dispersal - so management should consider the matrix 
 214 
Studies that Did Not Include the Matrix 215 
We found that 60% (n=42) of the 70 studies that did not include the matrix in any way in their experimental 216 
design were investigating butterflies in systems where the matrix type was either similar in structure to patches 217 
or consisted of various land cover types and thus were highly variable (heterogeneous). All other studies (n=28) 218 
investigated butterflies in patches that were embedded in homogenous matrix landscapes that clearly contrasted 219 
with the patches of native vegetation (i.e. open vegetation within a pine plantation matrix, or rainforest patches 220 
within a farmland matrix). 221 
Discussion 222 
We present the first systematic review quantifying the extent of matrix inclusion in studies of butterflies 223 
occupying fragmented landscapes. Despite recognition of the importance of the matrix in a world increasingly 224 
dominated by patchy habitat networks (i.e. Jules and Shahani 2003; Franklin and Lindenmayer 2009), our 225 
results show that only 30% of the quantitative studies reviewed explicitly included the matrix in the 226 
experimental design. In cases where the matrix was included in experimental design, only a limited number of 227 
studies actually surveyed butterflies within the matrix. Further, only eight papers developed their results 228 
concerning the matrix into management recommendations. Of particular concern is the number of papers that 229 
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studied landscapes where the matrix was similar to patches, but it was nevertheless not explicitly included in the 230 
experimental design, despite literature suggesting the matrix may offer resources of value to patch-associated 231 
species in such landscapes (Jules and Shahani 2003; Baum et al. 2004; Bender and Fahrig 2005; Goodwin and 232 
Fahrig 2002; Revilla et al. 2004).  233 
Recognition of the Matrix and Definitions 234 
We found that less than half the papers reviewed mentioned the word ‘matrix’, and that of these, only eight 235 
made some attempt to define what the matrix was in the context of their study (Table 2). While a lack of 236 
explanation of the matrix may not be an issue if it is clear that the matrix is a land-cover type completely 237 
unsuitable for patch-associated species, we found that many of the papers reviewed which failed to define the 238 
matrix, also failed to describe the vegetation or landscape characteristics of the matrix. This meant that 239 
determining if the areas between patches might be suitable for focal species was impossible. Further, we also 240 
found that when papers did define the matrix, this definition varied widely; from more species-specific resource-241 
based approaches, to ones based on landscape-level vegetation structure (Table 2).  Without the use of 242 
consistent definitions associated with consistent theory (Driscoll and Lindenmayer 2012),  it becomes 243 
impossible to assess whether the assumptions made about the matrix, and its exclusion from experimental 244 
design, were valid. Further, it also makes reviewing the literature difficult, as papers that fail to use the term 245 
matrix may be missed in literature searches even if these papers contribute to the field of knowledge.  246 
Butterfly response to fragmentation and individual's ability to use the matrix is significantly impacted by the 247 
quality of the matrix (e.g Krauss et al. 2003; Ricketts 2001). Therefore, it is important for studies to examine 248 
matrix quality and possible variations that exist within the matrix, rather than treat it as a uniform area (Krauss 249 
et al. 2003; Stasek et al. 2008; Vandermeer and Carvajal 2001; Prevedello and Vieira 2010; Dennis 2012). 250 
When studies fail to identify or describe characteristics of the matrix, there is a risk that differences within areas 251 
of the matrix will be overlooked (Prevedello and Vieira 2010). Such oversights may lead to over-simplified or 252 
misinterpreted conclusions about the effects of fragmentation on butterflies, which in-turn has negative impacts 253 
on the development of successful management and biodiversity conservation (Kupfer et al. 2006; Jules and 254 
Shahani 2003; Pearson et al. 1996). At the very least, it makes it impossible for readers and reviewers to assess 255 
whether the exclusion of the matrix was reasonable. Our review therefore highlights the need for studies of 256 
butterflies in fragmented landscapes to ensure clear descriptions and definitions of the matrix are provided. 257 
These definitions should use a functional resource-based approach (Dennis et al. 2003) to define what areas 258 
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within the landscape really are unsuitable and hostile matrix and what land-cover elements constitute habitat for 259 
the particular species under question (Fischer et al. 2004; Dennis et al. 2006; Dennis 2012). In using such an 260 
approach, research will avoid over-simplifying the landscape (e.g. defining cleared land between native 261 
vegetation patches as a matrix despite the focal species occurring throughout both land-cover types), or 262 
identifying patches and matrix based purely on the human perspective (Lindenmayer et al. 2009; Bunnell 1999).   263 
Inclusion/Exclusion in Experimental Design 264 
Despite the recognition of the importance of the matrix in the broader fragmentation literature (Vandermeer and 265 
Carvajal 2001; Jules and Shahani 2003; Lindenmayer and Fischer 2006; Franklin and Lindenmayer 2009; Dover 266 
1996; Dennis 2004), we found that 70% of studies reviewed did not include the matrix in their experimental 267 
design. This exclusion is of serious concern, especially as 60% of these studies were conducted in landscapes 268 
where the matrix was either similar in structure to patches or consisted of various vegetation/land-cover types 269 
and thus were highly variable. For example, Öckinger and Smith (2006), Yamaura et al. (2008) and van Halder 270 
et al. (2008) all performed research on butterflies in areas where the matrix was likely to have some features in 271 
common with habitat patches (as they were similar in structure; such as grassland patches with farmland matrix, 272 
or young pine embedded in older pine stands), but failed to include the matrix in their experimental design. 273 
Prevedello and Vieira (2010) found that in 88% of studies which examined the influence of different matrices on 274 
a range of taxa, matrices more similar to habitat patches displayed higher levels of functional connectivity for 275 
patch-associated species. Hence, it is likely that the matrix in those aforementioned studies was of higher quality 276 
for patch-associated species than studies where the matrix clearly contrasts with habitat patches (reviewed in 277 
Prevedello and Vieira 2010). Therefore, interpretations of the effects of fragmentation from such studies may be 278 
misleading, as they fail to determine whether or not the matrix may aid in the dispersal or survival of patch-279 
associated butterflies (perhaps by providing food resources, or conversely increasing mortality rates during 280 
dispersal; e.g. Hudgens and Haddad 2003; Bender and Fahrig 2005). Failure to identify whether land-cover 281 
types surrounding native vegetation patches function as a matrix from so many of the studies presents a 282 
concerning knowledge gap. The opportunity to assess the effects and impact of the matrix on patch-associated 283 
butterfly species and communities has been overlooked.  284 
We also found that, of those papers that did include the matrix in the experimental design, only 30% actually 285 
surveyed butterflies within the matrix. These papers found that matrix quality affected the ability of butterflies to 286 
disperse through, and use the spaces between, habitat fragments.  The rest of the studies (70% of those that did 287 
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include the matrix) only inferred conclusions about effects on butterflies from analysis of physical conditions or 288 
vegetation in the matrix. Most of these studies in fact only examined barrier effects posed by the matrix at the 289 
edges of native vegetation patches (Bukovinszky et al. 2005; Collinge et al. 2003; Cozzi et al. 2008; Krauss et 290 
al. 2005; Leidner and Haddad 2010; Ribeiro et al. 2008; Ricketts 2001; Rickman and Connor 2003; Ries and 291 
Debinski 2001; Ries and Sisk 2010; Roland et al. 2000; Schtickzelle and Baguette 2003; Schtickzelle et al. 292 
2006; Wettstein and Schmid 1999). Such studies can therefore make conclusions only about the impact of the 293 
matrix immediately surrounding patches. Recent research has shown that within-patch dynamics are effected by 294 
the surrounding landscape on quite large spatial scales (tens of square kilometres; Bergman et al. 2004), and are 295 
not just limited to the area immediately surrounding a patch edge (e.g. Ross et al. 2005b; Didham and Ewers 296 
2012; Kennedy et al. 2010). As such, these aforementioned experiments provide limited insight into landscape 297 
use and do little to extend our knowledge of how the matrix is used by patch-associated species (Prevedello and 298 
Vieira 2010; Kennedy et al. 2010). 299 
Papers that included the matrix almost always found some effect of the matrix on butterfly species or 300 
communities (Table 3), predominantly related to dispersal ability and behaviour. Our findings support 301 
observations of other reviews concerned with quantitative matrix studies, which have shown that the matrix 302 
influences study parameters up to 95% of the time (Prevedello and Vieira 2010). Our results reaffirm the 303 
importance of considering the matrix in fragmentation studies to increase our understanding of populations in 304 
patchy landscapes. Further, our findings suggest that the inclusion of the matrix is important for a wider range of 305 
fragmentation studies than it is currently considered in, including those papers that we reviewed that did not 306 
consider the matrix.  307 
Management and Future 308 
We found that less than half of the already small number of papers that included the matrix in their study went 309 
on to provide recommendations about the management of the matrix. Most studies acknowledged that matrix 310 
heterogeneity and landscape elements that aid dispersal (presumably elements similar to those within habitat 311 
patches) should be maintained or increased (Table 4). While increasing habitat heterogeneity may inadvertently 312 
improve matrix quality for butterfly species, we suggest that management may need a more tailored approach to 313 
specifically target and successfully conserve butterfly species of interest. This is because butterflies have 314 
complex life cycles, and thus their resource requirements may change several times during their lifespan (Boggs 315 
1992; Moran 1994; Kingsolver et al. 2011). Further, many species require the presence of specific plant species 316 
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and/or ant species for survival (e.g. Fiedler and Maschwitz 1989; Dennis et al. 2004; Rodrigues et al. 2010; 317 
Forister et al. 2011).Therefore, we urge that future research should place more consideration on species-specific 318 
requirements (Dennis et al. 2006; Dennis et al. 2003) such as host-plant availability, habitat structure and the 319 
support of ant-mutualism so that butterflies are more likely to use or successfully traverse the matrix.  320 
As landscapes become more fragmented (Gray 1997; Harrisson et al. 2012; Foley et al. 2005; Saunders et al. 321 
1991), we need a sound understanding of how species interact with the land-cover types that dominate the 322 
patchy landscape, not just quantifications of patterns of occurrence within native fragments (Ricketts 2001; 323 
Brady et al. 2011; Prevedello and Vieira 2010). This is especially true given that the surrounding landscape can 324 
significantly influence the behaviour and, ultimately, persistence of individuals and communities in patches 325 
(Vandermeer and Carvajal 2001; Jules and Shahani 2003; Lindenmayer and Fischer 2006; Franklin and 326 
Lindenmayer 2009).   327 
Future research in terrestrial fragmented landscapes should make concerted efforts to incorporate the matrix into 328 
experimental design, not only at patch-matrix boundaries, but to also consider responses to the matrix at larger 329 
scales. This will provide a more comprehensive understanding of the matrix, and therefore allow researchers to 330 
identify if and how areas of the matrix are used by focal species. Improving research in fragmented landscapes 331 
in these ways will allow research to better assess both the use of the matrix by patch-associated species and the 332 
role the matrix may play in mitigating the survival and behaviour of species within patches.  333 
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